ABSTRACT: Foxtail millet has become popular over recent years for its nutritional 22 value and ecological functions. The aroma of foxtail millet is not well characterized, 
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2 which is critical for its eating quality and understanding the biochemistry and 24 genetics of aroma is important for molecular breeding of millets rich in aroma. In this 25 study, the volatile aroma compounds of the elite millet variety Jingu 21 were 26 investigated at different cooking times, pH, processing methods, and compared with 27 3 other varieties. An in-vial cooking method was developed which combined solid 28 phase micro-extraction and gas chromatography-mass spectrometry for the 29 detection and identification of volatile compounds. The main findings were: a) 30 Twelve aroma compounds were identified during cooking, which were hexanal, 31 heptanal, octanal, (E)-2-heptenal, nonanal, trans-2-octenal, trans-2-nonenal, 32 2,4-nonadienal, (E,E)-2,4-decadienal, 1-octen-3-ol, 2-pentylfuran and 6-methyl-5- flour compared to millet grain. e) There were significant differences among varieties 37 and Jingu 21 millet showed the highest abundance of most aroma compounds, 38 explaining partly why it is strongly favored by consumers for decades. for accurate GC-MS analysis, and solvent extraction methods used for sampling 74 flavour might not represent the volatile aroma compounds generated during cooking.
Introduction

M A N U S C R I P T A C C E P T E D
ACCEPTED
75
Furthermore, it is challenging to prepare homogeneous replicates in small batch 76 sizes.
77
In this study, foxtail millet from Jingu 21 was selected as the test material for its 78 high quality and popularity in China (Shi et al., 2001 ). The aim of this study was 1) to 79 develop an in-vial cooking method as a novel approach for multiple small volume (Table 1) . This work will provide a foundation for 86 future research to develop foxtail millet varieties with improved cooking quality. 
Materials and Methods
88
Samples preparation
89
Four varieties of foxtail millet (Jingu 21, Jingu36, Daqinggu, Zhishenggu) were 90 harvested in 2014, and dehusked using a rice huller (JLGJ-45, Hangzhou HR, China).
91
Jingu 21 millet grains were milled using a grinder (DēLonghi, KG49, Germany). All 92 samples were stored at 4 ℃.
93
Millet (1.5 g), ultra-pure water (Pur1te 'Select' DI Water System, UK) (7. 
Identification and quantification of volatile aroma compounds by GC -MS
102
All the samples were extracted using solid phase micro extraction fiber
103
(50/30µm, DVB/ CAR/ PDMS). Before extracting, SPME was heated at 250 ℃ for 1 (Table 1) .
134
The 12 volatile compounds generated a unique profile (Table 1) and were 135 predicted to play an important contribution to the flavour of the millet porridge.
136
Their production is known to be closely related to the enzymatic activity of the fatty 
157
The volatile aroma compounds produced in different varieties of millet were 158 compared using a principal component analysis (PCA). The PCA results showed that a 159 total of 80% of the variance could be explained in the first two dimensions (Fig. 1a) . 
168
The results showed that Jingu 21 millet had more abundant volatile aroma 169 compounds than the other varieties tested. Most of the aroma compounds in Jingu 170 21 were present at a higher level than the other three varieties with no significant 171 difference (p< 0.05) except for trans-2-octenal, 6-methyl-5-hepten-2-one ( Figure. 1b) .
172
Trans-2-octenal in Jingu 21 was significantly higher than Daqinggu and Jingu 36 173 (p<0.05). 6-methyl-5-hepten-2-one in Jingu 21 millet was present at a higher 174 concentration compared to the other three varieties (p<0.05) (Fig. 1b) Zhishenggu, but not significant difference with Jingu 21 (Fig. 1b) .
181
Jingu 21 produced more aroma compounds than the other three varieties, 
208
In order to better understand the changes in aroma compounds under different 209 cooking time, a PCA chart was used, which showed 93% of the variance could be 210 explained in the first two dimensions (Fig. 2a) . Along PC1, different cooking times heptene-2-one (Fig. 2b) .
220
The higher concentrations of volatile compounds found after extended cooking The PCA chart showed that 88% of the variance could be explained in the first 238 two dimensions (Fig. 3a) . However, the pH zone and the volatile compounds were M A N U S C R I P T
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11 not clustered clearly in dimensions in the PCA chart. Also, the radar chart showed no 240 general trends and ANOVA showed no major significant difference for the 12 volatile 241 aroma compounds tested (Fig. 3b) , which suggests that the pH of the cooking water 242 had little or no impact on the production of volatile aroma compounds.
243
It is known, however, that the pH value can influences the colour and texture of 244 cooked millet during cooking, and alkaline conditions (pH>8) could help to prevent 245 colour and texture loss due to its effect on the protein properties of food, enzymatic 246 activities, gelification, and possibly chemistry (Shen et al., 2015) . The radar chart (Fig. 4) clearly shows higher production of flavour components 254 from flour compared with grain. Almost every flavour components was significantly 255 different comparing grain and flour (p<0.05), and hexanal, heptanal, 2-pentylfuran, 256 octanal, (E)-2-heptenal, 6-methyl-5-heptene-2-one, trans-2-octenal, 1-octen-3-ol, 257 2,4-nonadienal, but not nonanal, trans-2-nonenal, (E,E)-2,4-decadienal, were higher 258 using flour. It is assumed that this is related to fact that the particle size of millet flour 
Conclusion
266
In this study, we developed an in-vial cooking method for the automatic cooking 
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Research Highlight
•An in-vial cooking was developed to analyse aroma compounds in foxtail millet
•Within 40 min, longer cooking times result in higher levels of volatiles
• More aroma compounds were released from millet flour than grain during cooking
• Popular variety Jingu21 released higher levels of aroma compounds than the others
